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Abstract.  Regarding this study. we use two cultivars: Senga Sengana and Redgauntlet. The porpose of 
this paper was to study the main physiological indicators. In principal. these aspects regarding both cultivars 
show that the explants obtained in in vitro culture have small photosynthetic capacity. Between both cultivars 
ignificant differences regarding the physiological parameters were recorded.  
  
INTRODUCTION 
 
The special conditions during in vitro culture results in the formation of plantlets of 
abnormal morphology. anatomy and physiology. Tissue culture conditions that promote rapid 
growth and multiplication of shoots often results in the formation of structurally and 
physiologically abnormal plants. They are often characterized by poor photosynthetic 
efficiency. malfunctioning of stomata and a marked decrease in epicuticular wax. 
Qualitatively also. the waxes present on the surface of the leaves of in vitro cultured plants 
may vary. The conditions under which most laboratories done tissue culture is high relative 
humidity and low light. no supplemental CO2. high sucrose and nutrient containing medium 
may contribute to a phenotype that cannot survive the environmental conditions when directly 
placed in a greenhouse or field (Hazarika. 2006). The photosynthetic capability was 
influenced by the level of sucrose in the culture medium with the largest rates of 
photosynthesis corresponding to the cultures with 0 and 1% sucrose (Chafik et al.. 1993). 
Earlier workers (Gautheret. 1955; Laetsch and Stetler. 1965) have stated that tissue 
cultures do not grow photoautotrophically. in spite of many indications that cells grown in 
sucrose and light. are able to photosynthetically assimilate some CO2 (Zellitch. 1975). Many 
controversial results have been reported concerning the ability of in vitro cultures to fix CO2. 
Studies on strawberry have showed that plantlets did not fix enough CO2 to sustain growth in 
the absence of sucrose (Grout and Price. 1987). Hdider & Desjardins (1994) demonstrated 
that strawberry plants grown at 0.1% sucrose had a higher photosynthesis rate. hence were 
more autotrophic. Leaves produced in vitro also have low chlorophyll content (Grout and 
Aston. 1977). restricted leaf blade expansion (Kozai et al.. 1992). low stomatal density (Ziv. 
1995). poorly differentiated spongy and palisade tissues (Donnelly et al.. 1985). low percent 
dry matter. and/or hyperhydrated shoots (Ziv. 1991). All of these characteristics negatively 
impact the potential for ex vitro acclimatization.  
Micropropagation has been extensively used for the rapid production of many plant 
species and cultivars (Debergh and Zimmerman. 1991; Jeong et al.. 1995; Hartmann et al.. 
2002). However. despite its extraordinary potential. this technology is still confronted with 
many problems. Among these. one of the most important is the poor survival of plantlets 
following ex vitro transfer. during acclimatization to greenhouse or field conditions 
(Pospíšilová et al.. 1999). This problem originates from poor development of photosynthetic 
capacity in vitro. which has been attributed to the presence of sugar in the medium 
(Pospíšilová et al.. 1992). low light and inadequate CO2 supply (Kozai and Iwanami. 1988). 
and poor control of water loss caused by high relative humidity within the vessel (Desjardins. 
1995; Estrada-Luna et al.. 2001). These conditions can ultimately influence plant 
development and photosynthetic performance (Preece and Sutter. 1991). Kozai et al. (1997) 
demonstrated that most chlorophyllous plantlets/microcuttings in vitro have photosynthetic 
ability provided that the environmental conditions are favorable for photosynthesis. However. 
low ventilation rates. characteristic of conventional culture vessels. limit CO2 availability 
during almost the entire photoperiod (Kadleček et al.. 2001). Consequently. plantlets 
commonly exhibit low net photosynthetic rates caused by low CO2 concentrations in the 
vessels during the photoperiod and low light intensities typical of culture rooms (Heo and 
Kozai. 1999).  
In vitro culture conditions frequently result in alterations in mesophyll development as 
well as chloroplast structure. namely grana development (Wetzstein and Sommer. 1982). At 
the biochemical level. low ribulose 1.5-bisphosphate carboxylase/oxygenase (rubisco) activity 
(Grout. 1988) and high phosphoenolpyruvate carboxylase (PEPC) activity (Triques et al. 
1997) is often encountered in C3 species. These conditions also contribute to low 
photosynthetic activity. 
 
MATERIAL AND METHODS 
 
The researches were carried out at Biotechnology and Physiology laboratory of Pitesti 
University. with the following types of strawberry: Senga Sengana and Redgauntlet.  
We used explants obtained in vitro culture. The cultivars used are in the multiplication 
phase of biotechnology. The nutritive substrate used the Lee Fossard (1977) medium 
improved with BAP 0.4 mg/l. AIA 0.2 mg/l. NaFeEDTA 32 mg/l. sucrose 40 g/l. agar 7 g/l. 
The pH was 5.6-5.8. 
The determination of the rate of photosynthesis and respiration were performed by 
measuring the gas exchange by means of Warburg device. The results were in cm2 O2/g /h. 
The determinations were performed at a lighting rate of 8000 lux (for photosynthesis) and a 
temperature of 200C. The content in assimilatory pigments was determinates 
spectrophotometricaly. The statistic interpretation of the results was performed by means of 
the SPSS 13.0 programme for Windows.  
 
RESULTS AND DISCUSSIONS 
 
 Figure 1 show the content of assimilatory pigments. chlorophyll a. chlorophyll b and 
carotenoids. At Senga Sengana cultivar we can observe that the content in chlorophyll a 
registered the value 1.057 mg/g fresh weight. We realized five repetitions to determinate the 
content of pigments and we can see average and standard deviation in table 1. We registered 
at Redgauntlet cultivar the following values of pigments content: chlorophyll a – 3.804 mg/g 
fresh weight. chlorophyll b – 0.082 mg/g fresh weight. carotenoids – 0.272 mg/g fresh weight 
(figure 2). In comparison with Senga Sengana cultivar. at Redgauntlet we can see a higher 
content of chlorophyll a and carotenoids. but a lower content of chlorophyll b.    
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Figure 1. Content of assimilatory pigments. Senga Sengana  
 
 
Table 1 
Determination of assimilatory pigments: 
the value of repetition. average and standard deviation – Senga Sengana 
 
 Chlorophyll a Chlorophyll b Carotenoids 
Repetition 1 1.033 0.805 0.160 
Repetition 2 1.057 0.865 0.152 
Repetition 3 1.088 1.003 0.199 
Repetition 4 1.005 0.781 0.121 
Repetition 5 1.102 0.763 0.159 
Average 1.057 0.843 0.158 
Standard deviation 0.040 0.097 0.028 
 
 
 Table 3 show that. for all three pigments studied. exist significant difference between 
the value registered for Senga Sengana and Redgauntlet. for 0.05 level.  
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Figure 2. Content of assimilatory pigments. Redgauntlet 
Table 2  
Determination of assimilatory pigments:  
the value of repetition. average and standard deviation Redgauntlet 
 
  
 
 
 
 
 
 
 
 
 
Table 3 
 Statistical interpretation of assimilatory pigments content  
(Senga Sengana / Redgauntlet) 
 
48,282 ,000 2,747000 ,056895 2,615801 2,878199Chlorophyll a
t Sig. (2-tailed)
Mean
Difference
Std. Error
Difference Lower Upper
95% Confidence
Interval of the
Difference
t-test for Equality of Means
 
-17,177 ,000 -,761600 ,044337 -,863842 -,659358Chlorophyll b
t Sig. (2-tailed)
Mean
Difference
Std. Error
Difference Lower Upper
95% Confidence
Interval of the
Difference
t-test for Equality of Means
 
5,344 ,001 ,114200 ,021368 ,064925 ,163475Carotenoids
t Sig. (2-tailed)
Mean
Difference
Std. Error
Difference Lower Upper
95% Confidence
Interval of the
Difference
t-test for Equality of Means
 
 
 
Determination of photosynthetic rate showed in the figure 3 that at Redgauntlet was 
registered the higher value. Table 4 shows the value of repetition. average and standard 
deviation for both cultivars. By statistical interpretation between these cultivars exist 
significant differences (table 5). 
The rate of respiration for Redgaunlet cultivar is 0.104 cm3 O2/g/h. and for Senga 
Sengana is more lower (0.016  cm3 O2/g/h) (figure 4. table 6). The value of t (t test of 
significance) is 13.819. that means significant differences for 0.05 level (table 7).  
 
 
 Chlorophyll a Chlorophyll b Carotenoids 
Repetition 1 3.827 0.074 0.267 
Repetition 2 3.702 0.106 0.287 
Repetition 3 3.950 0.082 0.208 
Repetition 4 3.661 0.093 0.308 
Repetition 5 3.880 0.054 0.292 
Average 3.804 0.082 0.272 
Standard deviation 0.121 0.020 0.039 
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Figure 3. Rate of photosynthesis to the strawberry explants 
Table 4  
Rate of photosynthesis: the value of repetition. average and standard deviation 
 Redgauntlet Senga Sengana 
Repetition 1 0.002140 0.001050 
Repetition 2 0.002540 0.001320 
Repetition 3 0.002090 0.000987 
Repetition 4 0.001970 0.001180 
Repetition 5 0.002310 0.001100 
Average 0.002210 0.001127 
Standard deviation 0.000221 0.000129 
 
Table 5 
Statistical interpretation of rate of photosynthesis  
(Senga Sengana / Redgauntlet) 
9,457 ,000 ,00108260 ,00011448 ,000818608 ,001346592Rate of photosynthesis
t Sig. (2-tailed)
Mean
Difference
Std. Error
Difference Lower Upper
95% Confidence Interval of the
Difference
t-test for Equality of Means
 
 
0,104 0,01638
0
0,02
0,04
0,06
0,08
0,1
0,12
0,14
Redgauntlet Senga Sengana
cm
3  
O 2
/g
/h
 
Figure 4. Rate of respiration to the strawberry explants 
Table 6 
Rate of photosynthesis: the value of repetition. average and standard deviation 
 Redgauntlet Senga Sengana 
Repetition 1 0.106 0.018 
Repetition 2 0.112 0.0119 
Repetition 3 0.093 0.012 
Repetition 4 0.121 0.021 
Repetition 5 0.088 0.019 
Average 0.104 0.01638 
Standard deviation 0.013546217 0.00418593 
 
Table 7 
Statistical interpretation of rate of respiration  
(Senga Sengana / Redgauntlet) 
13,819 ,000 ,08762000 ,00634069 ,072998333 ,102241667Rate of respiration
t Sig. (2-tailed)
Mean
Difference
Std. Error
Difference Lower Upper
95% Confidence Interval of the
Difference
t-test for Equality of Means
 
 
The in vitro explant of Senga Sengana and Redgauntlet for dry weight determination 
registered the following values: 8.14 %. respectively 8.20 % (figure 5). The standard 
deviations of the values are presented in table 8. The value of dry weight for Senga Sengana 
cultivar is significant bigger than Redgauntlet. for 0.05 level (table 9).  
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Figure 4. Dry weight to the strawberry explants 
Table 8 
 Dry weight: the value of repetition. average and standard deviation 
 Redgauntlet Senga Sengana 
Repetition 1 8.133 8.2 
Repetition 2 8.121 8.213 
Repetition 3 8.176 8.189 
Repetition 4 8.116 8.209 
Repetition 5 8.172 8.235 
Average 8.1436 8.2092 
Standard deviation 0.028465769 0.01712308 
Table 9 
 Statistical interpretation of dry weight (Senga Sengana / Redgauntlet) 
-4,416 ,002 -,0656000 ,01485598 -,099857940 -,0313421Dry weight
t Sig. (2-tailed)
Mean
Difference
Std. Error
Difference Lower Upper
95% Confidence Interval of
the Difference
t-test for Equality of Means
 
 
 
CONCLUSIONS 
 
1. In principal. the main physiological indicators registered lower values for in vitro 
culture strawberry.  
2. The value registered for both cultivars studied show significant differences regarding 
the main physiological indicators.  
3. In comparison with Senga Sengana cultivar. at Redgauntlet we can see a higher 
content of chlorophyll a and carotenoids. but a lower content of chlorophyll b.  
4. Determination of photosynthetic rate showed that at Redgauntlet was registered the 
higher value.  
5. Regarding the respiration intensity at Redgauntlet observed the bigger value. 
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